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Introduction
Resting energy expenditure (REE) is the main component of total energy expenditure, taking into consideration the amount of energy the living body requires to maintain its dynamic functions [1] . Indirect calorimetry (IC), a noninvasive method based on the volumes of O 2 consumption and CO 2 production, is the gold standard for the measurement of REE. However, due to high cost of equipment and operation involved, certain equations have been usually in use to estimate energy expenditure [2] [3] [4] [5] [6] .
Numerous equations for the prediction of REE have been recommended for general use [7] , including the extensively used Harris-Benedict [2] equation, such as Owen et al. [8] , Mifflin et al. [9] , Bernstein et al. [10] , World Health Organization (WHO) [11] , Müller et al. [3] , and Schofield et al. [12] . However, whether these formulae appropriately calculate REE in subjects living in affluent and modern societies and whether these are valid in population other than those originally investigated in these studies remains unclear. Evidently, major factors contributed to the individual differences of REE, such as gender, age, body composition, body size, ethnicity, physical fitness, and hormonal status, and a range of related environmental and genetic factors [13, 14] . In fact, these prediction formulae have been reported to either over-or underpredict REE in diverse population groups [15] .
In addition, the abovementioned predictive equations are considered unsuitable for predicting REE in certain populations with different body mass indexes [15, 16] . ese limitations are partly due to heterogeneity of the reference populations, methodological drawbacks, and also variability of REE [3] . As an example, a recent heterogeneous database of 574 energy expenditure measurements demonstrated an SD of approximately 20% of the mean values obtained in different genders and age groups [17] . e interindividual coefficient of variation of REE has been reported to be approximately 8-13% [18] , which may lead to a considerably higher number of over-and underestimations of REE using prediction formulae. While Schofield's analysis has been shown to be have played a significant role in reestablishing the importance of using BMR to predict human energy requirements, and some recent, e.g., Müller et al. [3] , and old, e.g., Arciero et al. [19] , studies have subsequently questioned the universal use and validity of these equations. In addition, other authors [20, 21] have questioned the continued use of equations in the contemporary populations because of the secular variations in their body weight and body composition.
It is worth mentioning that none of the formulae developed to date have taken into account these population differences. Based on studies that report the possible effects of race/ethnicity [22, 23] and genetic influences [13, 14] on REE, prediction equations developed from a primarily American-European sample might not be fitting for Saudis and may over-or underestimate their energy needs [24, 25] . Consequently, we were of the view that equations that could accurately predict Saudi's REE should be developed. Based on our literature review, REE measurement has not yet been conducted in Saudi Arabia using either IC or predictive equations. is scarcity of data on REE may be due to high costs and sophisticated skills required for IC [3] [4] [5] [6] and the absence of Saudi-specific predictive equation to calculate REE. e only studies that have been recently conducted in Saudi Arabia investigated REE in patients [24, 26] , female subjects only [25] , or male subjects only [27] . In addition, none of these studies focused on developing a new predictive equation specifically for Saudis. Nevertheless, most of them recommended development of a new equation because their results indicated that the Harris-Benedict equation significantly overestimated REE, while the Owen equation significantly underestimated REE, confirming previous reports published by other investigators [25] . erefore, this study was conducted in an effort to develop predictive equations to calculate REE of normal weight and overweight/obese Saudi population.
Subjects and Methods

Participants and Recruitment.
e study subjects were recruited from both male and female sections at the Clinical Nutrition Program, Department of Community Health Science (CHS), Main Plaza of the King Saud University, and the Medical City. Participants (aged 18-57 years) were evaluated between December 2015 and June 2017 in a crosssectional basis. Subjects with diabetes, thyroid disorders, or any other disease that could possibly affect REE were excluded. An additional inclusion requirement was reportedly good health defined as <1 sick day/month for the past year and no major existing psychological problems or any other illness [9] . Recruitment was based on the demographic characteristics of the Saudi population, i.e., normal weight, overweight, and obesity (i.e., almost 1 : 1 : 1 and as well as 1 : 1 ratio of men and women). In addition, the age range of the sample population (18-57 years) represents the age structure of the Saudi population, i.e., aged 15-64 years represent 72% of the total population (Saudi demographic survey 2016). Ethics Committee of the College of Applied Medical Sciences (CAMS), King Saud University (KSU), granted ethical approval for this study (Reference no. 11-MED1966-02).
Procedures.
Participants attended an orientation session before the start of the study. All participants completed consent forms and demographics and health-related questionnaires. e participants were evaluated for REE using IC, body composition using bioelectrical impedance analysis (BIA), and anthropometrics to design the REE prediction equation. REE was also estimated using the Harris-Benedict, Ireton-Jones, Carrasco, Mifflin St. Jeor, Kleiber, and Owen equations. Since we were primarily interested in predicting REE across a wide range of body weight, equations developed from samples of exclusively overweight men and women were excluded. Although additional formulae that predict REE based on body composition (e.g., fat-free mass) have previously been developed, the current study was restricted to equations consisting of readily available body measures (e.g., age, weight, and height), as these are clinically more useful and easy to perform.
Measures
Self-Reported
Measures. Demographics, smoking status, and reproductive health history were assessed via selfreport [28] . For the purpose of strict compliance, an individual was considered Saudi if she/he was born in Saudi Arabia and reported she/he had at least three grandparents of Saudi heritage.
Anthropometry.
Details of anthropometric measurements can be found elsewhere [29] . In brief, a certified physician and a trained dietitian conducted the anthropometric measurements following standard procedures. Height was measured, while the subject stood with legs straight, feet together, shoulders relaxed, arms at sides, and head in the Frankfort horizontal plane, with buttocks, shoulder blades, and heels, and occiput resting against a vertical wall, measured (in cm) using a Seca Model 206 wall stadiometer (Seca Co, Germany). Weight was evaluated using a 
Body Composition.
Fat mass (FM) and fat-free mass (FFM) were obtained using TANITA BC-418 analyzer (Tanita Corporation, Japan). As per the manufacturers' specifications, the machine emits an electric current with 50 and 500 kHz in frequency. is multifrequency bioelectric impedance analysis measures components of body impedance, reactance, and resistance that are used to accurately calculate body water, FM, and FFM. Fat mass index (FMI) was calculated by dividing FM (kg) by height (m 2 ); FFM index was calculated in the same manner (FFMI � FFM (kg)/Height (m 2 )) [29] .
REE Measurement.
To determine REE, IC was performed on all patients using the QUARK RMR (COSMED, Inc., Italy). e laboratory space was maintained at 20-25°C, ensuring that each individual was physically comfortable and thus properly positioned for measurements. All participants were asked to fast at least for 12 h and also to abstain from caffeine, nicotine, and physical activity (minimum abstention from vigorous resistance exercise for 24 h).
Before the test, a 20 min rest was allocated for device warming and gas, air, and turbine calibration of Quark RMR. Practically speaking, REE is equivalent to RMR. Energy expenditure was measured for all participants, which took 16 min for each individual after excluding the first 5 min preparation/stability time. Laboratory visits were scheduled at the same time of day (between 08 : 00 and 11 : 00 am). All the assessments were completed on an outpatient basis, with participants arriving at the laboratory on the morning of testing sessions; silence was observed during session, and subjects comfortably lied in the supine position without moving or sleeping. Sessions that failed to achieve at least 5 min of steady state (variations in the VO 2 and VCO 2 of ≤10%) were excluded from the analysis. At any time, it was not accepted to have the % coefficient of variation in gas volumes >10%.
REE Calculation.
REE was also calculated using equations that included body weight, height, age, sex, FFM, and/or FM. e exclusion criteria for these equations were as follows: equation using age range of <12 yrs or only elderly; those using only one sex, those having normal weight based on Cole et al. [30] (not applicable to large databases of Schofield and Harris and Benedict), those with insufficient information, those considering only a specific ethnic group (other than white), based on small sample size (n < 50); impractical or suspected body composition as a variable, glucose concentrations, or diabetes as a variable, total energy expenditure, athletes, and duplicate publications.
For each subject, the REE was predicted in kcal/day by using the selected equations and then compared with measured REE. e actual body weight during IC measurement was used for this calculation. Demographic and anthropometric data were used to calculate REE using predictive equations developed by Harris [12] , FAO/WHO/UNU (weight only), and FAO/WHO/UNU (both weight and height) [11] (Table 1) .
External Validation.
A total of 48 subjects (men � 50%) were used for external validation of the main new equations. e validation population was recruited from visitors of therapeutic nutrition clinic at CAMS, KSU. e same inclusion criteria were applied, and the same measures were recorded as the original study population.
Statistical Analysis.
All the data were analyzed using SPSS (version 23; SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as means (SD), and dichotomous variables were expressed as percentages and frequencies. e accuracy of predictive formulae at the individual level was defined as percentage of the subjects whose predicted RMR was within ±10% of the measured RMR [32, 33] . e degree of agreement between the measured and predicted REE was evaluated using Bland-Altman limits during the agreement analyses. Limits of agreement were defined as the mean difference ±2.0 SD. e estimated accuracy was defined as "the percentage of the subjects whose REEp was within ±10% of REEm." Under-and overestimation were defined as <10% and >10% of REEm, respectively [34] . Predictive equations were developed and compared with commonly used equations for validation [9, 33] . e method suggested by Bland and Altman [35] . e Bland-Altman method gives calculation for mean difference between two measurement methods (the bias) and 95% limits of agreement as the mean difference (±1.96 SD). e values are expressed as absolute (kcal) and percentage (%). We used multiple stepwise regression analysis to derive the new prediction equation (hereafter designated as "Almajwal-Abulmeaty" (AA equation)) to estimate REE based on age, gender, weight, and height as independent variables [9, [32] [33] [34] . We calculated Pearson's coefficient of determination (R 2 ) and residual standard deviation (RD) as goodness-of-fit measures between the predicted and measured regression equations used.
Results
Baseline Characteristics of the Participants.
Among 510 participants, the inclusion criteria were eligible for 423 participants (men 49%) ( Figure 1 ). Table 2 shows the characteristics of the 423 Saudi men and women, with a mean BMI of 28.5 ± 6.1 kg/m 2 . All anthropometric and body composition parameters significantly differed between men and women and between the three BMI groups, except for height (P, for all trends <0.05).
Agreement between Measured and Predicted REE (REEm and REEp).
We evaluated di erences in the following measures: bias (di erence between REEp and REEm) (kcal/ day), percent bias (REEm − REEp by equations multiplied 100/REEp by equations), underestimation (percentage of all subjects whose REEp was <90% of REEm), overestimation (percentage of all subjects whose REEp was >110% of the measured REEm), and accurate prediction (percentage of all subjects whose REEp was within 90% to 110% of REEm). International Journal of Endocrinology 2%) . All the prediction equations used in the current study significantly underestimated the measured REE (P rends for all < 0.001) in men (Table 3 ). . Figures 2 and 3 show the Bland-Altman plots comparing REE measurements obtained by IC (REEm) and by prediction equations (REEp) in men and women, respectively. REEm and REEp were significantly different. In men and women, the Bernstein equation revealed the highest underprediction (491.0 ± 250.0 kcal/day; bias of 33.5% and 301.3 ± 186.9 kcal/ day; and bias of 24.7%, respectively). In contrast, the WHO (Wt, HT), WHO (Wt), Schofield (WT, HT), and Schofield (Wt) were the most accurate compared to IC in men, whereas HB (1984), HB (1919), Schofield (Wt), and Mifflin were the most accurate equations in women.
Bland-Altman Plots
Development of the New REE Prediction Equations.
When combining both men and women, REE significantly correlated with age (r � − 0.230, P � 0.01), height (r � 0.614, P < 0.001), weight (r � 0.730, P < 0.001), and gender (r � 0.432, P < 0.001). Table 4 presents all the values of this correlation matrix. Other parameters (i.e., BMI, FFM, and FM) were also strongly correlated. However, adding any additional parameter had no significant effect on the regression model. For example, we excluded BMI from the final regression model because calculating the BMI will add another step in the clinical setting. us, age, height, and weight were retained in the final regression model as these are the parameters that can be easily measured in both population analysis and in clinical settings [9] . Each of the variables included in the equation significantly and independently contributed to the model (P, for all trends <0.01). Of no surprise, the best REE predictor was body weight (r � 0.730). Of the remaining variables, height demonstrated the next strongest relationship to REE (r � 0.614; P < 0.01), followed by gender (r � 0.432, P < 0.001) and age (r � − 0.230; P < 0.01). e results of the multiple regression analysis produced the equations in predicting REE (kcal/day), as shown in the multivariate analysis of all study population, and the variables included in the equations significantly and independently contributed to the model (P � 0.001). Stepwise entry of anthropometric variables revealed that adjusted weight, height, gender, and age increases R 2 of this model from 0.620 to 0.702, as shown in Table 5 , equation 1. Other body composition variables (TBW, FFM, and FM) that were considered in the analyses increased R 2 to 0.706, but for clinical ease and slight increase in R 2 , the much simpler equation 1 was considered. After dividing the sample into normal weight and overweight/ obese categories, another set of equations were created but R 2 < 0.7 ( Table 5 ). Separate use of stepwise multiple regression analysis for male or female subjects created equations with R 2 < 0.54 (Tables 6 and 7) . Table 8 represents the general characteristics of the study population used for testing the accuracy of the new equations. As shown in Table 9 , the new AA_1 and AA_FFM equations showed a lower bias and % of bias, as well as a higher accurate estimation and correlation with results of IC than Mifflin, Owen, and Bernstein equations.
Validation of the New Equations.
ere was a significant difference between the means of measures by IC and estimations by Mifflin, (P < 0.001; 95% CI � 73.05 to 206.31), Owen (P < 0.001; 95% CI � 134.49 to 264.70), and Bernstein equations (P < 0.001; 95% CI � 303.25 to 447.64). e Bland-Altman plot (Figure 4 ) showed the agreement between the IC measurements and the new equations.
Discussion
is study compared the accuracy of nine predictive equations. erefore, REEm was compared with REEp in a sample composing Saudi men and women.
is study revealed that the widely used REE prediction equations used in this study cannot be used for a population living in an affluent and modern society in Saudi Arabia. In this study, we found significant and systematic over-and underpredictions between the predicted and measured REE values. e percentage accurate predictions varied between equations, from 56.3% (for each WHO WH , WHO H , and Schofield WH ) to 9.6% (Bernstein) in men and from 62.3% (HB 1984 ) to 17.2% (Bernstein) in women. e bias for predictive equations used in this study varied from 33.5%
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International Journal of Endocrinology for REE estimation at the population levels for Saudi women. However, none of the 10 equations used for comparison in the current study can be reliably used to assess individual differences, as they are likely to provide inaccurate results in clinical settings. Based on these data, four main lines of arguments can be drawn: (1) all nine predictive equations used in this study underpredicted REE in men, while most (eight out of nine) predictive equations underestimated REE for women, but two (WHO W (Wt) and Schofield WT ) overpredicted REE in women; (2) predictive equations that underpredicted REE in men mostly overpredicted those in women; (3) predictive equations overpredicted REE at the higher REE level (e.g., men in this study) and underpredicted REE mostly at lower REE levels (as in women), an observation in contrast to that by Müller et al. [3] ; and (4) only two of these predictive equations (WHO W and Schofield W ) showed an acceptable REEp/REEm difference of <1% and an accurate prediction (∼55%) at the individual level [36] . erefore, we would recommend the use of the equations we developed (AA equation) based on a mixture of men and women and that would offer the possibility to cover individuals with a wider BMI range (18-31 kg/m 2 ).
WHO formulae are widely used to predict REE. ese equations are based on considerably a large number of REE measurements performed in the twentieth century. Although some more recent formulae have been provided by other authors, one shortcoming is that none of these equations were based on a comparably large database [37] . e Owen equation was derived on 44 otherwise healthy obese and women between 18 and 65 years of age and 60 obese and lean men between 18 and 82 years of age [8] . e Mi in equation was derived from data of 498 healthy subjects (251 men/247 women; aged 19 to 78 years, with 234 obese and 264 had normal weight) [9] . ese equations are commonly used in clinical practice. e accuracy rates of the Owen equation are 37.0% and 37.7%, respectively; men and women and those of the Mi in equation are 44.2% and 52.6%, respectively. e accuracy rates of these two equations are comparable to the recently conducted studies, e.g., Rao et al. [38] , in Chinese population. However, these equations had a higher percentage bias in both Saudi men and women (Table 4 ) and, therefore, cannot be recommended in Saudi population and REE prediction in the clinical setting. e WHO equation was developed on a study of young Europeans, mostly police and military recruits, with a high proportion (45%) being of the Italian descent [32] . In our study, the subjects were Saudi adults from the civil community. is might explain that despite the relatively higher accuracy of WHO WT and WHO W equations in women (56.8% and 55.3%, respectively), only WHO W had a percentage bias of <1.0. erefore, WHO equations (both WHO WT and WHO W ) may not be suitable for, at least, Saudi men. As also argued by De Oliveira et al. [39] and Owen et al. [8] , WHO W is the most suitable equation for normal weight individuals [40] , and with some restrictions, Mi in's equation has been indicated suitable for REE estimation in normal, overweight, and obese individuals in the United States [7] ; however, this might not be as much true in other populations. Based on some previous studies [41] [42] [43] , there are no suitable equations for overweight/obese persons [39] . Mi in's equation was developed using data from 498 individuals classi ed as normal, overweight, and obese/ seriously obese [9] ; despite its validation in other communities, it is most suitable for the American individuals with a BMI range of 25 to 40 kg/m 2 and aged 16-65 years [34] . However, we did not observe a good relationship between Mifflin's equation and overweight individuals in the present study. e Mifflin equation was proved as a good equation for estimating REE in western population with various body masses [7] ; however, this was not the case in our population (Tables 4 and 9 ). e underestimation while using the Owen equation was not unexpected because of its reliability for normal weight populations, which presents lower REE than for that for obese individuals [40] .
is study has a number of strengths. e sample size (427 individuals) was large enough for subgroup (men and women) analyses. Furthermore, the data were derived from otherwise healthy individuals (normal BMI, overweight, and obese), and therefore, the study population may be representative for a wider BMI subjects and hence has large generalizability. e prediction equation we developed in this study is the first, to our knowledge, that is specifically adjusted for Arab ethnicity. is study included women representing a wide range of body weight, a fact which may increase the generalizability of the newly developed equation to other samples. Finally, we carefully controlled for the effects of several potentially important confounders, such as menopausal status, menstrual cycle, pregnancy/lactation, other relevant medical conditions, and the possible thermogenic effects of food and nicotine. However, there are several limitations in this study as well. First, the investigation did not include subjects with BMI <18.5 (underweight), which is still relatively a substantial fraction of the total population and their underrepresentation may cause a decrease in the generalizability of the new equation. Second, the sample was limited to men and women aged 18-57 years; thus, the predictive value of the new equation in estimating REE among older men and women may be uncertain. Future investigations should focus on the impact of ethnicity on the accuracy of prediction equations that have been developed for older Saudi men and women, e.g., study by Arciero et al. [19] . For this future, studies should focus on examining whether equations for predicting REE should be modified/adjusted for use in other ethnic groups. In addition, although the AA equation may provide good estimates of REE needs, a nontrivial amount of REE variance remains unaccounted. Nevertheless, REE variance accounted using the prediction equation is consistent with that of the previous studies.
In conclusion, we found in the present study that REE predictive equations are only accurate in approximately half the individuals. e WHO equation is advised for use up to BMI 30 kg/m 2 , and HB 1918 equation is advised for obese individuals (BMI of >30 kg/m 2 ). Measuring REE with indirect calorimetry is the preferred option and should be used when the facility is available as well as feasible for the optimization of nutritional support in hospital in-and outpatients with different degrees of malnutrition. In case of nonavailability/ unfeasibility of the facility, we recommend use of a population-specific predictive equation. Future validation of other equations developed in this study is required using adequate samples.
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